cough or nasal discharge. The animal had a normal appetite, without digestive upset or other signs of illness. Body condition score (BCS) was stable for several months (BCS 6/9). Past medical history included recurrent dermatological signs, namely episodic ventral alopecia and pruritic excoriations. Fungal and bacterial cultures were found negative in the past, leading to the suspicion of an allergic disease, ectoparasites or a behavioural condition. Dermatological flare-up episodes had been controlled during the past 5 years by topical corticosteroid treatment and regular spot-on administration of selamectin. A recent biochemical profile performed by the referring veterinarian only revealed a moderate hyperproteinaemia (total proteins 9 g/dl; reference interval 6-8.2 g/dl)].
Physical examination was unremarkable apart from the stertor associated with inspiratory effort. Differential diagnoses included infectious rhinitis, immune-mediated/ allergic rhinitis or mechanical obstruction (due to polyp or neoplasia). Oral and nasal swabs were obtained to detect Chlamydia species, feline calicivirus and feline herpesvirus infections by PCR. Rhinoscopy was performed under general anaesthesia (premedication with methadone 0.1 mg/kg IV, induction under propofol 4 mg/kg IV followed by volatile isoflurane maintenance), using a broncho-fibrescope (60001 Storz, working channel 2.3 mm) for retrograde vision and a rigid rhinoscope (Forward-Oblique Telescope 30º Storz) for anterograde inspection. Rhinoscopy showed a mildly hyperaemic nasal mucosa, without turbinate lysis in both nasal cavities. The nasopharynx was not obstructed, but the mucosa showed a multinodular appearance with a mean nodule size of 2-3 mm diameter ( Figure 1 ). The soft palate was moderately thickened. Biopsies were performed from both nasal cavities and nasopharynx tissue, and were submitted to histopathological examination and fungal culture. The animal was discharged under prednisolone therapy owing to the clinical suspicion of chronic rhinitis (0.3 mg/ kg for 10 days followed by 0.2 mg/kg for 10 days).
Molecular tests were negative, as was fungal culture. A marked infiltrate of macrophages that contained intracellular parasitic forms morphologically compatible with Leishmania infantum amastigotes (the agent of zoonotic visceral-cutaneous leishmaniosis) were seen at histopathological evaluation of nasal and nasopharyngeal biopsies ( Figure 2 ). Prednisolone therapy was immediately tapered, and the cat was re-evaluated. Stertor was persistent and two small (2 mm diameter) eyelid nodules in the upper and lower palpebrae of the left eye were identified ( Figure 3) .
The cat was anaesthetised in order to complete the investigations. The anaesthetic protocol consisted of premedication with methadone (0.1 mg/kg IV), induction with propofol (2 mg/kg IV), followed by volatile isoflurane maintenance. Fine-needle aspiration (FNA) of palpebral nodules was performed for cytological evaluation and nasal biopsies were repeated for Leishmania PCR. A blood sample was also obtained for complete blood count ). This last one was validated in previous inter-laboratory assays using 100 feline serum samples, including positive and negative sera from the biobank of Parasitology Lab (Faculty of Veterinary Medicine -University of Lisbon). The cut-off dilution is set as 1/40 and a fluorescently labelled anti-cat IgG conjugate (anti-cat IgG MegaCor; MegaCor Diagnostik) is used. Repeatability and reproducibility were also previously assessed (results not published). A urine sample was obtained for urinalysis and protein: creatinine ratio (UPC). Moreover, thoracic radiographs (left lateral, right lateral and dorsoventral views) and abdominal ultrasound examination were performed.
Splenomegaly was the only observed abnormality. Spleen FNA was suggested but declined by the owner. Leishmania amastigotes filled macrophages and were seen free in the background in FNA smears from eyelid nodules ( Figure 4) ; anti-Leishmania antibodies were detected (Immunofluorescence assay [IFA] titre 320) and Leishmania DNA was identified by PCR from nasal biopsies. Diagnosis of granulomatous rhinitis and palpebral dermatitis caused by Leishmania infection was confirmed. Both FIV and FeLV coinfections were excluded. Hyperproteinaemia, hypergammaglobulinaemia and mild proteinuria (UPC 0.6) were the only clinicopathological abnormalities observed. Urine specific gravity was 1.035. Treatment was initiated with allopurinol 10 mg/kg (Zyloric; FaesFarma) q12h.
Five days after the onset of allopurinol, the cat was presented for focal ear, cervical and head alopecia, erythema, exfoliation and crusting ( Figure 5 ). Owing to the short-term therapy, there was no evident improvement of respiratory signs under allopurinol. Fungal culture was negative and an imprint of lesions revealed hyper-segmented neutrophils and some keratinocytes. No Leishmania amastigotes were observed. A cutaneous adverse drug reaction (CADR) was strongly suspected. Allopurinol was stopped and 4 days later dermatological lesions spontaneously resolved.
In lieu of allopurinol, the cat was prescribed meglumine antimoniate (Glucantime 50 mg/kg SC q24h; Boehringer Ingelheim Animal Health), and both renal function and protein profile were monitored 10 and 25 days later (Table 1) . A moderate improvement in respiratory signs was observed 1 week after the onset of this therapy.
On day 25, the cat was presented for lethargy and progressive anorexia. At physical examination only a unilateral blepharospasm in the left eye was observed. Ophthalmological examination revealed the presence of a conjunctival oedema, deposition of fibrin in the anterior chamber and decreased intraocular pressure. These findings were consistent with anterior uveitis. Even if 
Figure 5
Erythema and alopecia on outer surface of the pinnae manifested some days after starting allopurinol treatment. Focal alopecia is also evident on the head other systemic causes could have contributed to the uveitis (eg, neoplasia or concurrent infections), the previous medical exploration did not reveal the presence of viral infections or significant changes on thoracic radiographs and abdominal ultrasound. Therefore, uveitis was assumed to be a consequence of leishmaniosis. Biochemical results confirmed the presence of a severe azotaemia (day 25; Table 1 ). CBC showed a neutrophilic non-specific leukocytosis (26.110/μl). Urine culture was negative. The cat was hospitalised for intravenous fluids (Ringer's lactate with potassium chloride maintenance supplementation) and supportive care with maropitant (Cerenia 1 mg/kg q24h).
Treatment of uveitis consisted of topical dexamethasone (q6h), flurbiprofen (q6h) and tropicamide (q12h) until progressive remission of ocular signs 2 weeks later. Meglumine antimoniate was discontinued. Appetite and azotaemia normalised, and the cat was discharged 9 days later (day 34; Table 1 ). A renal diet (Purina N/F mixed dry and canned) was started. The animal was evaluated 10 days later (day 44; Table 1 ) without any report of adverse events or changes on physical examination. Chronic kidney 14 RI = reference interval; CADR = cutaneous adverse drug reaction; N-AHCC = nucleotides and active hexose correlated compounds *refers to missing data at each time-point disease (CKD) was classified according to IRIS on stage 2 with borderline proteinuria (UPC 0.4) and normotensive systolic blood pressure (160 mmHg). Owing to the previous history of CADR under allopurinol and the suspicion of acute kidney injury (AKI) secondary to meglumine antimoniate therapy, a dietary supplement of nucleotides and active hexose correlated compounds (N-AHCC) was started (Impromune ½ tablet once daily; Bioiberica). Owing to borderline proteinuria, benazepril (Fortekor 0.5 mg/kg q24h) was also added. Six months after first examination (day 123; Table 1 ), the cat condition was stable with stage 2 IRIS CKD, borderline proteinuria; it was non-hypertensive and had stable antibody titres (IFA titre 160).
Two months later (day 162; Table 1 ) the cat was re assessed because of recurrence of sneezing and stertor. Azotaemia, hyperproteinaemia, and anti-Leishmania antibody titre were stable (IFA titre 320). The owner declined further investigations to confirm the recurrence of granulomatous rhinitis. Considering the previous CADRs to allopurinol and AKI, and probably secondary meglumine antimoniate, extra-label miltefosine (Milteforan) was started at the current dosage used for dogs (2 mg/kg PO q24h). A few vomiting episodes were reported in the first week of therapy but were transient and managed by using maropitant (Cerenia). Respiratory signs rapidly improved during the first week of treatment.
The cat was presented for follow-up examination 3 weeks later (day 180; Table 1 ) showing a decreased appetite and an increase in azotaemia. These findings justified a return to hospitalisation for fluid therapy and supportive care as previously performed. An acute-on-chronic episode of CKD was suspected, either worsened by miltefosine administration or due to the progression of the disease. During hospitalisation, azotaemia progressively decreased and miltefosine treatment was completed (28 days) under fluid therapy.
The cat was discharged 1 week later (day 188; Table 1 ). Benazepril had been discontinued during hospitalisation and was not reintroduced owing to the fact that proteinuria was negative on multiple further controls (UPC <0.2). Since discharge, and at the time of writing, the cat has been routinely monitored with physical examination and renal profile every 4-6 weeks (Table 1) . No recurrence of skin, respiratory, ocular or mucosal signs has been observed and body weight has remained stable. Nonetheless, azotaemia has been progressively worsening (Table 1) . At the last check (day 315; Table 1 ), 10 months after diagnosis, CKD was staged according to IRIS classification as stage 3/4, and the cat was non-proteinuric and non-hypertensive. Current therapy consists of N-AHCC, renal diet, regular subcutaneous fluid therapy and intermittent administration of maropitant (1 m/kg PO q24h).
Discussion
This case report not only shows an unusual presentation of feline leishmaniosis, but also describes suspected side effects of drugs currently used for its medical management. Although hypergammaglobulinaemia and mucocutaneous lesions are frequently found among infected cats, respiratory signs are particularly rare. [1] [2] [3] [4] [5] [6] [7] Chronic nasal discharge and dyspnoea are uncommon and reported to occur in <25% of infected cats. 3, 8 In this case, the primary presenting complaint was stertor and inspiratory effort.
A diagnosis of leishmaniosis was confirmed after identification of granulomatous rhinitis with concurrent intracellular amastigotes in the histopathological analysis of nasal and nasopharyngeal biopsies, as well as direct observation of Leishmania on FNA of palpebral nodules. Palpebral nodules were not present on initial examination but only became evident at recheck, probably owing to a brief use of prednisolone, which may have resulted in mild immuno suppression. Additional tests that supported a diagnosis of leishmaniosis were serological (IFA and ELISA) and PCR from nasal tissue. Furthermore, clinical response to therapy and consequent regression of clinical signs also strengthened this diagnosis. Concurrent causes for immunosuppression such as retroviral infections were investigated but found to be negative. As in the majority of cases of feline leishmaniosis, evidence of concurrent immunosuppression, other than the brief use of topical prednisolone during flare-up dermatological episodes, was not identified. 1, 3 Because there are no controlled studies about feline leishmaniosis treatment, allopurinol was prescribed in this cat as this compound has been anecdotally proven to be successful. [1] [2] [3] [9] [10] [11] However, the acute presentation of dermatological signs 5 days after onset of this therapy led to the suspicion of allopurinol CADR. Adverse reactions to this drug have been described in humans undertaking allopurinol, [12] [13] [14] but to our knowledge, it has not been previously reported in cats. This dermatological reaction is believed to be due to a specific T-cell response activated by oxypurinol, one of the metabolites of allopurinol. 15 Despite the absence of histopathological analysis, this reaction was strongly suspected owing to the fact that it happened several days after the onset of therapy and dermatological signs resolved after stopping allopurinol therapy.
Consequently, the therapeutic strategy was modified and meglumine antimoniate was started. Meglumine antimoniate is known to be potentially nephrotoxic in dogs; 16 however, information about its side effects is still scarce. In this cat, an AKI episode was observed after 17 days. As there was no azotaemia before the onset of meglumine antimoniate therapy, it is possible that this compound led to tubular renal injury, as has been described in dogs. 16 However, it is also possible that CKD was present, but silent (IRIS stage 1), in this geriatric patient and azo-taemia progressively worsened after therapy. Use of the symmetric dimethylarginine assay may have enhanced our assessment of renal function before the onset of meglumine antimoniate therapy. This was not performed as local constraints (unavailability of this parameter in that period and financial issues) were a limitation in this case. Meglumine antimoniate was discontinued and azotaemia improved after IV fluid therapy. Nonetheless, there was a persistent mild azotaemia. A diagnosis of CKD was concurrently established, and therapy was adapted according to IRIS recommendations.
Recently, N-AHCC have been considered an alternative maintenance therapy to allopurinol (following meglumine antimoniate in dogs) showing similar activity against Leishmania species. 17 To our knowledge, this is the first published study detailing the use of N-AHCC in a cat. Treatment did not worsen clinical signs or result in adverse side effects. Indeed, the cat was stable for 120 days. A few weeks after medical stabilisation (120 days after the start of N-AHCC and 140 days after stopping meglumine antimoniate therapy), respiratory signs recurred. It is unclear whether this improvement and concurrent relapse was due to the temporary effect of meglumine antimoniate and prolonged N-AHCC therapy or, from another perspective, possible N-AHCC treatment failure. Further studies are needed to assess the truly efficacy of N-AHCC in feline patients. As medical exploration was declined, a relapse of granulomatous rhinitis secondary to leishmaniosis was assumed. This was further supported by the good clinical response and improvement of respiratory signs under miltefosine.
Miltefosine is a well-known drug, currently used in human and canine leishmaniosis. [18] [19] [20] [21] [22] Information concerning its use in cats is particularly scarce. A recent study has described hyporexia and weight loss as the main adverse effects of miltefosine therapy (2 mg/kg PO q24h) in feline refractory sporotrichosis. 23 To our knowledge, only one case of feline leishmaniosis treated with miltefosine has been reported in the literature. 24 Recognising the risk of unexpected side effects, use of this leishmanicidal therapy was started off label, using the same dosage currently recommended for dogs. 7 However, azotaemia worsened during treatment. In humans, miltefosine-induced nephrotoxicity has been described in 29% of patients. 13 In dogs, administration of this compound does not seem to induce renal lesions. 16 As literature on this subject is scarce, possible miltefosineinduced CKD is possible in this scenario. However, an acute-on-chronic azotaemia unrelated to miltefosine or eventually worsened by the transient vomiting cannot be excluded. Considering the pros and cons of stopping this compound and recognising that there were no other alternatives for leishmaniosis management, miltefosine therapy was continued but under IV fluids. Despite the fact that CKD progressively worsened, the cat, at the time of writing, is stable (10 months after diagnosis) under medical therapy and following IRIS recommendations.
Conclusions
This case reinforces the idea that granulomatous rhinitis secondary to leishmaniosis should be included in the differential diagnoses of obstructive chronic rhinitis in cats, particularly in endemic areas. This case also explores the difficulties of medical management of this disease in feline patients, describing the alternative use of miltefosine and N-AHCC in a cat, when allopurinol appeared to have induced a cutaneous rash and there was AKI after meglumine antimoniate therapy.
